Citation ?P6> 



UK Patent Application M GB m 2 180 647 „,.A 

(43) Application published 1 Apr 1987 



(21) Application No 8622191 


(61) INTCL* 


G01N1/30 33/50 


(4// uateoniiing looep iwoo 


(52) Domestic classification (Edition I) 


(30) Prloritydata 


G1BCK 




U1S 13511 399 G1B 


(31) 77B8S4 (32) 13Sep198S (33) US 




(56) Documents cited 




GB A 2152700 EPA1 0014797 


/71\ Annlfnant 


GBA2008270 EPA1 0010456 


AllledCorporatlon, 


GB 1244844 


(Incorporated In USA-New York), 


(68) Field of search 




G1B 


Columbia Avenue and Park Avenue, Morris Township, 




NewJersey07960,United States of America 


Selected US specifications from IPC sub-class G01 N 


(72) Inventor 




David John Brigatl, 




(74) Agentand/orAddressforServlce 




J.A.Kemp&Co,14SouthSquare,Qra/8lnn, 




London WC1R 6EU 





(64) Method and apparatusfor treating thin sample on a surface employing capillary flow 

(67) Liquid is applied to a thin sample on a first surface (e.g., a specimen on a microscope slide) by maintaining a second 
surface parallel to thefirstto provide a gap therebetween and contacting an edge of the gap with a discrete aliquotof 
liquid. The liquid can migrate by capillary action into contact with the thin sample, preferably upward from horizontally 
extending linearedges of the surfaces. Liquid can also be removed by contacting the gap edges with absorbent 
material. Also disclosed are apparatus (1 ) for holding a plurality of such surfaces in a vertically extending array and 
apparatus (2) for holding a plurality of liquid droplets beneath the array, Apparatus (1 ) can be moved relativeto 
apparatus (2) to contact the lower gap edges with droplets. 



o 

CD 

N5 



00 
O 

G) 



> 



(U1UVU1 I 




2180647 



2/* 




FIG 2B 




FIG3B 




Y3 



1 



GB 2 180 647 A 1 



SPECIFICATION 

Method and apparatus for treating thin sample on a surface employing capillary flow 

5 Thepresentinventionrelatestoapparatusandmethodsfortreatlngsamplessuch as histology, cytology.or 
hematology specimens immobilized on a suitable flat su rfaoe such as a microscope slide with liquids such as: 
(1 ) chemical staining solutions or (2) dissolved reagents such as (a) antibodies or (b) labeled DNA or RNA 
probes, such reagents being used, respectively, for detection of antigens or nucleic acid sequences present in 
the immobilized sample. 

10 In the presentartof histology, cytology, and hematology, mostcllnical or research laboratories employ 
manual staining procedures which require many hours of technician time to perform. These procedures are 
• usuallycosteffectivebecauselargebatchesofslldescanbestalned simultaneously in a single sequence of 
staining events by an individual technician. Both manual and automated staining systems in current use 
sequentially Immerse a holder containing parallel slides with tissue or cellularsmears immobilized on one 

15 planarsurfaceof each slide in an identical series of liquid reagents such as aqueous reagents ororganic 
solutions of dyes or stains In a routine or programmed fashion. Exemplary manual staining systemsfor 
histology, cytology, and hematology specimens are well known to theartof histo-andcytopathology,and 
protocols fortheir performance can be found In any laboratory performing staining on Immobilized speci- 
mens. Exemplary automated systems include those sold by Technicon Instruments, Shandon Southern and 

20 Fisher Scientific (see pages 426 - 427 of the Fisher 86 Catalog for a description of the Fisher Histomatlc®Slide 
StainerModel172). 

Capillary action has been used in thefollowing prior art patent in an attemptto develop bulkautomated 
slide staining procedures. U.S.Patent 4,1 99,61 3 to Johnson (1980) describes a system wherein a stack of 
parallel slides are engaged near both ends by a series of generally parallel shims. The shims are between 

25 corresponding ends of adjacent slides being stacked in parallel so as to space thefaclng planar surfaces of 
adjacent slides by the thickness of the shims. Such thickness (e.g., 0.008 inch or 0.2 mm) provides a spacing 
between such opposite planarfaces of adjacentsIidessuitableforcapillaryflow.lnuse,aset of slides (e.g., 
60) is held in a vertical stack; and a continuous stream of llqu Id (e.g., staining solution) flows overadjacent 
edge portions of the slides (starting with the top slide In the vertical stack) and fills successively the thin gaps 

30 betweenadjacentslldes.Theflllingisbycapillaryflowlnahorizontaldirection.Excessllquidoverthatrequi- 
red to fill the thinsgaps flows off of the bottom slide. Thissytem is Intended to stain a multiplicity of slides 
with an Identical series of reagents which is the same strategy used in manual and automated staining pro- 
cedures noted above. 

In thefield of trapping liquid specimens in a microscopic viewing space, which field is not admitting to be 
35 analogous with thetreatment of immobilized samples by liquid stains and reagents, capillary flow is often 
used, Generally, as in U.S.Patents 4,501 ,496 to Griffin (1985) and 3,961,346 to White(1976), liquid sampleis 
Introduced onto a bottom plate and migrates by capillary flow into a thin gap defined by a viewing surface of 
the bottom plate and an overlaying clear plate. In U.S.Patent 4,308,028 to Elkins (1 981 ), however, a device 
called a strip is immersed vertically-extending into a sample such as a certrlfuged urine sample in a tube. As 
40 describedatcol.4,llne53-col.5,llne14(seeRgures6Bnd7of£/tos) r apartlculate-richaliquotfromthe 
bottom fraction of the sample flows by capillary action into a chamber (identified as 14 In the Figures of 
Elkins). Elsewhere in Elkins, the construction of the strip by lamination of multiple layers (one middle layer 
being short and of defined thickness, at least one other layer being long and transparent) is described. Col. 7, 
lines 3-45. Atthe completion of the method,thesamplelnchamber14of approximately the defined thickness 
45 Is viewed unstained and untreated as indicated by Figure 22 of Elkins through a portion of a longtransparent 
layer which extends beyond the end of the short middle layer. 

Brief description of the drawing 
Figure 1A Is a side elevational view of a slide assembly according to a first embodiment of the present 
50 Invention. 

Figure /Bisafront elevational viewtaken along lines 1 B-1B in Figure 1A. 
Figure /Cis a front elevational view, in section taken along line 1 C-1 C in Figure 1 A 
Figure 2A isaside elevational view of a disasssembled slide pair according toasecond embodiment of the 
present invention. 

55 %i/re2SisaviewsimIlartoFigure2Aofthesameslidepairassembledwithinaholderportlonintoaslide 
assembly. 

Figure 2C\s a top view of the slide assembly in a holdertaken In section along line2C-2Cin Figure2B. 
Figure 2D is a viewsimilarto Figure 2B of a dissassembled slide assembly according to a third embodiment 
of the invention. 

60 Figure2E\s a view similarto Figure 2B of the slide assembly of Figure 2D in a holder. 

Figure3A isaside elevational view,taken in section along line3A-3Ain Figure3B,of an array ofslide 
assemblies above a droplet holder device, each according to the second embodiment of the present inven- 

Figure3B is a plan view of the droplet holder device shown in section in Figure 3A, taken along line 3B-3B in 
65 Figure 3A. 
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Figure3C\sa magnified view of oneslide assembly contacting onedroplet, from an angle similartothatof 
Figure 3A,show1ng liquid being drawn vertically Into the thin gap by capillary flow according to the methods 
of the present In vention. 

Ffoure SZJIsaview.simitarto that of Figure 3C, of liquid being drawn vertically out of thethin gap by 
5 capillary flow Into an absorbent material. 

F/#c//-e4isafrontelevatlonalviewin section, similartothatof Figure 1C, of a slide assembly according toa 
fourth embodiment of the present invention. 

Figure 5\s a perspective view of an inverted slide holder, partially filled with slide pairs, according toafifth 
embodiment of the present invention, differing from the embodlmentshown of Figure 2A, 2B,3A,3B,3Cand 
10 3D only in thatthe array isthree rows often slide pairs ratherthan five rows of five slide pairs. 

Figure eis a plan view of an array of stations for either a manual or an automated m ultistep process 
employing the slide pairs array of Figure 5. 

F/ffure7isapersepectlve view of a partially-filled dropletholder according to the embodimentofFiguresB 

and 6. 

15 

Summary of the invention 

The various methods and apparatus provided in the present invention enable multistep treatment of athin 
sample or material immobilized on afiat surface with the advantage of either conservation of expensive 
liquids, flexibility in varying the treating liquidsf or concurrently-treated samples of materials, minimization 

20 of cross-contamination between samples, safety in preventing toxic reagents from contacting laboratory 
personnel orsome combination of these factors. In the present method, such advantage or advantages are 
achieved: by the use of a thin capillary gap in front of theaurface containing the immobilized sample, especi- 
ally when the gap extends vertically, by contact of an edge of the gap with a discrete aliquot of thetreatlng 
liquid, especially atthe base of the vertically-extending gap, or by the subsequent removal of the liquid by 

26 contactinganedgeofthegapwlthanabsorbentmaterial,especiallythebottomedgeofavertically- 
extending gap, or, especially, by combinations of thesefeatures.Suchfeatures offer particular advantages 
overthe method of U.S.Patent4,199,613, which cannot concomitantlytreatindividualslides with unique 
reagents and which employs, by contrast, a horizontally-extending gap, Introduction of liquid asacontlnuous 
stream and removal of liquid by spinning the entire slide assembly. 

30 Although the presentinvention may be usedforbulkstainlng wherein a multiplicity of slides areexposed 
serially to a single sequence of liquid reagents, it has particular advantages overthe prior art when used as a 
discrete analyzer in which individual slldeshavethelrownuniquaseries of reagents applied concomitantly to 

Accordingly, the presentinvention provides, in oneform,amethodforapplying liquid to a thin sample on a 
35 firstsurfacewhichcomprisesthesteps; 

a) maintaining a secondsurfacesubstantially parallel to and spaced by afirst distance from theflrstsurface, 
thereby providing a gap between thefirstand second surfaces, and 

b) contacting an edgeofthe gap with a discrete aliquot of liquid, 

the first distance being sufficiently small to cause liquid to migrate by capillary action within the gapinto 
40 contact with the thin sample. 

The present invention further provides, in a second from, a method for treating athin sample on a firstface 
with a series of treating liquids which comprises the steps: 

a) drawing afirsttreating liquid by capillary flowlnagap between a sample-bearing first surfaceanda 
second surface of afacingelementtoatleastthe position ofthe sample immobilized on thesample-bearlng 

45 first surface, 

b) retainingthefirsttreating liquid by capillary action in thegapincontactwiththesample, 

c) removing thefirst treating liquidfrom the gapby capillary flow,and 

d) drawing a second treating liquid by capillaryflow In the gapto at leastthe position ofthesample. 
Thepresentinventionfurtherprovides,inathirdform,an apparatus fortreatlng athin sample onafirst 

50 surface which comprises: 

a) engagement means for holding afirst member having a sam ple-bearingfirst surface a fixed distance 
from a second surface of afaclng element, with thefirst surface and second surface being maintained sub- 
stantially in parallel and with first and second edges of the two su rfaces extending in parallel and being 
separated by substantially thefirst distance, and 

55 b) contacting means for contacting the space between the first and second edges with a discrete aliquot of a 
liquid, 

thefirst distance being sufficiently small for liquid to mig rate from the space by capillary action between 
thefirstand second surface into contart with thesample. 
The present invention further provides, in a fourth form, an apparatus for treating athin material on a 
60 planarsurfacewhichcomprises: 

a) engagement meansfor holding a material-bearing planarsurface in a vertically-extending position afirst 
distance from a surface of a facing element, the engagement means maintaining alignment between the 
facing planarsurfacessuch thatthe lower edges ofthe material-bearing planarfaceandthefacing planar 
surface are horizontally extending and substantially parallel, and 
65 b) contacting meansforcontacting the space between the lower edges ofthe material-bearing planar 



surface and of the facing planar surface with liquid, 

the first distance between the material-bearing planar surface and the facing planar surface being suffici- 
ently small forthe llquidto migrate upwardly by capillaryactfon between thefacing planar surfaces to at least 
the height of the thin material. 
5 In each ofthefirstfourforms of the present !nvention,thesecond surface (orsurface ofthe facing element) 
may also bear a thin sample or material which iscontacted by thesame treating liquid as is thethinsampleor 
material on the first surface (ormaterial-bearing planar surface). Furthermore, or alternatively, an array of 
multiple pairs of surfaces may be arranged so that liquid is drawn by capillary action Into the gap between 
each palrof surfaces simultaneously, concurrently orconcomitantly. 
10 The present invention further provides, in afifth form, an array of slide assemblies comprising: 

a) a plurality of vertically-extending slides, each having a vertically extending face, 

b) a plurality of vertically-extending cover members, each having a vertically-extending face, 

each face of a vertically-extending slide being spaced by a first distance less than 0.5 mm from a face of a 
vertically-extending cover member, and 

15 c) engagementmeansfor holding the vertically-extending slides and vertically-extending cover members 
adjacentto their upper ends In afixed array with the sampleface of each slide being aflrst distance from a 
substantially parallel face of a vertically-extending cover member and with the lower edge of each slide 
extending horizontally and being spaced from a substantially parallel horizontally extending lower edge of a 
cover member by the first distance, 

20 the space between the horizontally-extending lower edges being open. 

The present invention further provides, in a sixth form, a devicefor holding a horizontal array of discrete 
allquots of treating liquid comprising: 

a) a horizontally-extending rigid base, 

b) a horizontally-extending elastomeric member havlngasubstantlallyplanarhorizontally-extending 
25 upper surface, and 

c) a plurality of recesses formed in the elastomeric member, each recess opening to the horizontally- 
extending upper surface, 

the elastomeric member having at its upper surface a material sufficiently incompatible with the treating 
liquid for a discrete aliquqt of treating liquid in a recess to form a convex shape extending above the plane of 

30 thead]acentuppersurfaceoftheelastomericmember. 

Although above-described systems, such as that of Johnson, are capable of applying a specific sequence of 
identical reagents to a set of flat surfaces such as microscope slides, such prior art systems do not havethe 
flexibility to concommitantly process individual slides with unique reagents. In addition, the volumes requi- 
red to immerse the slides in a vessel of aqueous or organic stain are too greatto economically perform 

35 specific steps of more sophisticated analyses of tissue or cellular bound antigens io genetic sequences, by 
antibody-directed detection technology or nucleic-acid-hybridlzation methodologies, respectively. Any 
multistep process involving such specific steps can only beautomated by the prior art systems by performing 
the other steps, disassembling the slide array to perform the specific steps manually, and then reassembling 
the slide array to perform the subsequent steps automatically. Such disassembly/reassembly defeats the 

40 advantages of automation for such sophisticated analyses. Theref o re, there is a need, met by the present 
invention, foreithermanualorautomatedmethodsthat perform simultaneous, multiple, and discreteana- 
lyses on separate tissues or cellularsmears immobilized on individualslides using only mocroliterquantities 
of expensive antibodies of nucleic acid probes. 

45 Detailed description of the invention 

Such methods would have a wide spectrum of applications in both clinical or research laboratoriesthat 
presently perform theanalyslsof discreteantigenicorgenetic information by individual manual procedures. 

A first embodiment of slide pair assembly is shown In Figures 1 A, 1 B and 1C. Referring to Figure 1A,the 
sample-bearing microscopic slide 10 has a sample-bearing front surface 1 2, a first lower edge 14, a back 

50 surface 1 6 and a top edge 1 8. A thin sample 20, such as a 6-1 0 micrometer thick histology specimen, is 
provided on a lower portion of thefront surface 12. Assuming that the slide is 75 mm high, 25 mm side and 1 
mmthick (standard dlmensionsfora microscope slide), the sample can bea20mmx 20mm square located 
at least 1 .0 mm {e.g., 1 0 mm) mm above the first I ower edge 1 4. 
Attached to the upper portion ofthe front surface 12 of the first slide 10 is a shim 22,shown inthisfirst 

55 embodiment as two-sided adhesive tape of thickness 0.2 mm (200 micrometer). One sticky side 24 of the shim 
22 adheres to the top portion offront surface 12offirst slide 10. Theopposite sticky side 26 of shim 22adheres 
to afacing surface 32 of facing element or slide 30. in this embodiment, facing slide 30 is also a 75 mm x 25 
mm x 2mm microscope slide. The shim22 holds facing slide 30 in aiignmentwith first slidelOsuch that: 
facing planarface 32 of facing slide is parallel tofrontsurface 12 and spacedtherefrombythethlcknessof . 

60 shim 22 (200 micrometers), second lower edge 34 effacing slide 30 is coplanar with first lower edge 14 of first 
slide 10, back surface 36 effacing slide 30 is parallel to surfaces 32,12and16andtopedge38 of facing slide30 
is coplanar with top edge 18 of first si ide 1 0. 

The spacing of 200 micrometers is substantially constant from between the inner edges of top edges 18 and 
38, along the vertical lengths of front surface 12 and facing surface 32, andto the inner edges of firstand 

65 secondloweredges14and 34. Assuming thatthe tape Is25 mm high (its width can be thefull 25mm width of 



slides 1 0 and 30, or can be less, e.g., 22 mm as shown), then a gap 40 Is formed between the front surface 1 2 
and thefacing surface 32. This gap40, which Is 50 mm high, 25 mm wide and 0.2 mm (200 micrometers)thick, 
is the capillary gapterminating in lowerend 42. Thesample 20, being only 5-10micrometersthick,hasno 
significant impact upon the thickness of the gap 40, even at the height of the sample 20. Similarly, other 
5 imperfections, entrapped particles, angling of thetwo slides toward or away from parallel, or otherf actors 
that affectthegaps 40 bylessthan 20% (i.e., cause the 200 micrometerthickgapto remain between 160and 
240 micrometers in thickness) have no adverse impact, and even slightly largervariations would have no 
significant adverse impact Furthermore, whllethebasicoraverage thickness ofthe gap in thisfirst embodi- 
ment is 0.2 mm (200 micrometers), gaps as small as 0.05 m m (50 micrometers) or as large as 0.5 mm (500 

10 micrometers) are permissible, with other dimensions (such as height) adjusted as described below in relation 
to Figure 4. Under appropriate circumstances, thickness ofthe gap still less than 50 micrometers or morethan 
500 micrometers m ay also be appropriate. 

FigurelBshows the same slide palrassembly from the front. Thefacing slide 30, with its back surface 36 on 
front, completely covers the first slide 1 0, from the top edge 38 to the bottom edge 34 ofthe facing 30. Sticky 

15 side 26 of shim 22 can beseen underthetop portion of facing slide 30; and sample 20, which isimmobilized 
on sample slide 1 0, can be seen centered under the lower portion of facing slide 30. The precise vertical 
alignment shown in Figure 1 B, wherein neither side of first slide 1 0 extends beyond the corresponding sideof 
facing slide 30, Is not critical. Misalignment in such direction of 2 mm, or even 5 mm, is of no significant 
adverse Impact. Furthermore, as indicated above, the widths need not all be equal (e.g., 25 mm). 

20 Figure ICshows the same front view as Figure 1 B, but now in section so as to look behind facing sllde30. 
Thefrontface 26 of shim 22 occupies the top 25 mm of the visible surface. The bottom 50 mm x 25 mm of 
frontsurface 12of firstslide 10 (below lowerend 44 of shim 22) is now visible; itisthls50 mm x 25 mmthatis 
exposed to the capillary gap 40. The sample 20 occupies a 1 0 x 10 mm portion centrally located within this 50 
mm x 25 mm portion of sample-bearing surface 1 2. The height of the gap can be adjusted by using shorteror 

25 longer pieces of tape as shim : e.g., 26 mm wide and 20, 30, 40 or 60 mm long (high) tape. 

Figures 2A,and2B and 2C illustrate a second embodiment ofslidepairassembly.FirstslidelOwith first 
lower edge 14, front surface 12 and sample 20 thereon is identical to corresponding elements in Figure 1 A. 
Thefacing slide 130 is also a 76 mm x 25 mm x 1 mm microscope slide, with facing surface 132 and second 
Ioweredge134,butnowtheshim122isa40mmx25mm(or22mm)x0.15mmglasscoversliphavinga 

30 lower end 144. The first 40 mm x 26 mm surface 1 24 of shim 1 22 faces (and, when assembled In Figure 2B 
abuts against) the upper portion offrontsurface12offlrstslide10.The second 40mm x 25 mm surface126of 
shim 122 is glued to the upper portion of facing surface 132 of facing slide 1 30. 

Along the back surface 136 effacing slide 130 are provided upperand lower elastomer!cprotuberances146 
and 148, shaped as O-rlngs, compressible flat springs or rollers or solid discs, which may have beveled upper 

36 portions (notshown). 

In Figure2B, the slide pairof Figure 2AIs assembled by placing slides 10and 130 together In parallel and 
slipping their upperends Into a recess of dimensions 30 mm high, 26 mm wide and 2.4 mm thickformed In 
holder 1 50. The recess opens downwardly and has, on Its top, a vertically-extending aligning face 1 56. Top 
edges 18and138offirst slide 10andfacingelement130abutagainstaligningface156. Protuberances 146 
40 and 148 are engaged within a vertically-extending, downwardly-opening slot 1 52 within the back wall ofthe 
recessformed in holder 150,soastoforcethe upper portion of facing element 130 and all of shim 122agalnst 
theupper portion offlrstslide 10. This combination of engagement means causes the first slide 10andfacing 
slide 130to be aligned in parallel, with a gapthe thickness of shim 1 22 (0.1 5 mm), the width of slides 10 and 
130 (25 mm) and the height (35 mm) not covered by shim 1 22. Loweredges 1 4 and 1 34are atthe same height 
45 andarespacedfromeachotherbysubstantiallythesamedlstanceasthethicknessofshim122,i.e.,0.15mm. 

Figure 2C is a top view of Figure 2B taken along line 2C-2C in Figure 2B. In this sectional view, protuberance 
148 is seen inside its slot 1 52 which Is cut Into the slide holder 1 50 as a downwardly open slot in the recess. 
Protuberance 148 pressesagainst slot 1 52 and compresses shim 1 22 which Is glued to the opposite side of 
facing element 130. This in turn exerts pressure on the upper portion of the first slide 10 which is held in place 
60 byholder150.lnthismannertheupperportionofthefacing slide 130andthefirstslide10arekeptincontact 
and suspended vertically below. Since slot 1 52 is downwardly open, thefacing slide 1 30 and the first slide 1 0 
may beeasily inserted into and removed from the recess in the holder 1 50 by the guiding action of slot 1 52on 
protuberances 146and 148. 

Figure 2D and 2E illustrate a third embodiment differingfrom that of Figure 2Ainthatthe protuberances 
55 146' and 1 48' are now located on the interior ofthe recess within the holder 1 50' rather than on the back 
surface 136 of facing element 130. 

Referring to Figure2D,thasample-bearingmicroscopeslide10hasitssamplebearingfrontsurface12 
facing a second sample bearing microscope slide 1 30' and its sample-bearing surface 132'. Thin sample 20 on 
sample bearing microscope slide 1 0 is present opposite sample 120' on the opposite sample-bearing 130*. 
60 Referring to Figure 2E, sample-bearing slides 1 0 and 1 30' a re held in place in the recess in holder 1 50' by the 
pressure ofthe slastomeric protuberances 146' and 148' pressing againsttheirupperportions. Shim122 ! Is 
sandwiched in between their upper portions. Sample 120' Immobilized on sample bearing surface 132' ofthe 
second sample bearing slide 130' is held in the gap 40 produced by the close apposition ofthe sample-bearing 
surfaces held In place across and on the opposite side ofthe gap40from sample 20 by the pressureor 
65 protuberances 146' and 148' and the holder on the upper portions ofthe two sample bearing slides 10 and 
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130' against shim 122'. 

Figures 3Aand 3B show how an array of twenty-five slide pairs can be aligned and used In accordance with 
the present invention. Referring to Figure 3A, one rowof five slide pairs is shown. Each pair of first slide (10a, 
10b, 10c, 10d, 10e) is spaced from a second orfacing slide (230a, 230b, 230c, 230d,and 230e) by ashim. 
5 Vertical alignment is maintained by the upper edges (256a, 256b, 256c, 256d and 256e) of five recessesformed 5 
in the bottom face of holder 250. 

Thus vertically-extending gaps of the thickness of the shim are formed in each slide pair, as described 
above in relation to Figures 2A and 2B, terminating in lower spaces 42a, 42b, 42c, 42d and 42e between, 
respectively,alignedfirstandsecond lower edges of theflrstandfacingslides10a/230a,10b/230b,10c/230c, 
10 10d/230d and 10e/230e. All sets of lower edgesare in a common horizontal plane afixed distance belowthe 10 
lowerface of holder 250. 

Adroplet holder is located below this horizontal plane, consisting of a rigid base 62 and a horizontally- 
extending elastomeric member 64. As shown in Figure 3A,five holes 66a thru 66e are formed in and through 
elastomeric member 64, and these holes arefilled with discrete allquotsordroplets 68a through 68e,re- 

15 spectively, each of defined volume, e.g. 150 microliters. As described more fully below, each droplet68a-68e 15 
projects above thetopface of elastomeric member64. The alignment is such that, when the slide holder250 is 
lowered, lower spaces42a-42e are contacted bytheupper portions of droplets 66a through 66e, respectively. 
The droplets are normally introducedf rom above (e.g., by a microplpettf ng device), but can also be introdu- 
ced from below by means of a narrow passageformed in rigid base 62. A perspective view of an analogous 

20 droplet holder is shown tn Figure 7. 20 
Referrlngto Figure 3B, the top of elastomeric member64 can be seen with five double rows of droplets 
68a-68y and 69a-69y. Looking atthe profiles of slides 1 0a-1 Oe, with facing slides 230a-230e, it can be seen that 
they will contact droplets 68a-68e and 69a-69e,with,forexample, lower space 42a contacting droplets 68a 
and 69a nearthetwo endsof Iowerspace42a. 

25 Justastheonerowofslidepairs10a/230athrough10e/230scontactsdroplets68a-68eand69a-69e,four 25 
additional rows of five slide pairs each cana be aligned within holder 250 so as to contact, respectively : 2) 
droplets 68f-68j and 69f-69j, 3) droplets 68k-68o and 69k to 69o, 4) 68p-68t and 69p-69t, a nd 5) 68u-68y a nd 
690u-69y. Because the lower edges of all first slides, facing slides and thus lower spaces can be held in precise 
alignmentwithin a common horizontal plane,and elastomeric member 64holds the enttrearray of dropletsin 

30 precise alignmentwithin a common horizontal plane, one can reproduclblycontacteachlowerspacebe- 30 
tween first and second lower edges of a first and facing slide, respectively, with two droplets. Furthermore, as 
discussed below, the discreteness of droplets 68a-68y and 69a-69y enables flexibility in treating samples on 
eachfirstslideeithersimilarlyordifferentlythaneachotherflrstslideastothetreatingliquidapplied. 
Referring nowto Figure 3C, the effect of space 42a (betweenfirstlowaredgeHa and second loweredge 

35 234a ofslldes 10a and 230a) beingcontactedbyadropletin hole66a can beseen.AcapIllarycolumnof liquid 35 
70a rises in the capillary gap 240 (similarto gap 40 in Figure 1 A) by capillary action. This effect is enhanced by 
the relative incompatability of the liquid with thesurface of elastomeric member 64,e.g., because theaqu- 
eousdroplet is repelled by the hydrophobic surface of elastomeric member64,Such incompatability (eviden- 
ced by beading of the treatment liquid if it were placed on aflatsurface of elastomeric material usedfor 

40 member64)alsocausesthedropletstostand above the top surface of member64, 40 
Afterthecapillarycolumn70a has risen asfar as capillary action will take it (typically about30to 40mm in 
the indicated gap of 0.15 mm), the slide assembly can be lifted by holder 250 away from elastomeric member 
64. Each slidepalr(e.g.,10a/230a)will hold, by capillary action, the treating liquid received from thedroplets 
(e.g., 68a and 69a) with which its lower space (e.g., 42a) has been contacted. Afterthe liquid has remained in 

45 thegapforadesiredtimeperiod,theslldeassemblyisnowloweredontoanabsorbentmaterial72asshown 45 
in Figure 3D. Since the liquid is more compatible with the absorbent material 72 than with the surfaces of 
slides 1 0a and 230a, now the capillarly column 70a will descend, with the treating liquid spreading downward 
and outwardly asallquldfront74a within absorbent material72. Within a matter of seconds, theslidepalrwill 
be evacuated essentially completely of liquid by such capillary action, except perhaps forminute amounts 

50 thatmayadheretothesampleortootherhygroscopicsurfaces along theslidegap240orloweredges14a 50 
and 234a. Once the liquid is evacuted from the slide gap 240, the slide pair may now be moved to another 
droplet holder, orto a sheet or bath of treating liquid for the next step. 

Figure4illustrates,Inaviewsimilarto that of Figure 1C, am embodimentof the inventionwhereinthree 
vertically-extending sample-bearing surfaces are formed on one 75mm x 25 mm slide. The slide extends 

55 horizontally with its 75mm loweredge314.Two outershims322 of 25 mm height, 2 mm width and 0.25mm 55 
thickness extendvertically on thefront (75 mm x 25 mm) face. Twoinner shims 322' have similar 25 mm X2 
mm x 0.25 mm dimensions, and are equally spaced from and parallel to end shims 322. Such shims 322 and 
322' can beformed by applylngathermosetting material (e.g., epoxyorsilicone)totheface of aglasssllde. 
The uncovered and isolated facesare therefore 312a, 31 2b and 31 2c, each extending upwardly 26 mmfrom 

60 loweredge314,and each approximately 22.33 mm in width. Afacingslidecanbeplacedoverthisfirstslide, 60 
so that gaps of 0.25 mm thickness, 25 mm height and 22.33 mm width will form overfaces 31 2a, 312band 
,312c. By contacting the lowerspace of each such face which is adjacenttoloweredge314byatreating liquid 
and then by an absorbent material, liquid reagent can be drawn into and out of each gap as described above. 
Such a slide pair can be applied to droplets orto a bath orsheet of treating liquid manually. 

65 Alternatively, a sertesof such horizontally-extendingslidepairs,eachwiththreevertically-extending cap- 65 
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illarygaps,can be held within a holder using, forexample, the slide rackshown in Figure 1 of U.S.Patent 
4,199,613of Johnson, with such modification as is required to leave lower edges314of eachsample-bearing 
slide available for contact by droplets or sheets of treating liquid. The "shims" of Johnson in this embodiment 
would notbe positioned between a sampleslide and its companion facing slldeto helpform thecapillarygap 

5 betweenthem,butwould rather be located atboth laterial ends and ontheoutersurfaceofthefacingssample 5 
bearing slides, forcing them together by compressing the facing slide and the sample bearing slide against 
shims 322described above. Jn this embodiment, shims 322 and 322' in Figure 4would be the only parts 
defining the first distance of the capillary gap between the facing and sample bearing slide. 
The thickness of the side walls of the recess in the holder would then define a second distanceseparating 

1 0 parallel pairs of facing and sample bearing slides. This second distance is not designed for capillary action 10 
and separates sets of slide pairs so that liquid reagents can be drawn up into them through the capillary gap 
from discrete droplets as in Figures 3A and 3B. This second distance can be any thickness greaterthan 2 mm, 
which issignificantlythickerthanthe 200 microns of Johnson's shims orthe shims described in this patent. 
The preferable length ofthis second distanceand, therefore, the preferablethickness of the side walls for- 

15 mingthebordersofanydownwardlyopensllderecassintheslideholder,rangesfrom5to7mm.Uslngthis 15 
range, thegreatestnumber of slides can be engaged into a slide holderforthe purpose of drawing up, 
incubating and removing liquid reagents from the capillary gaps between adjacent slidepairs. 

This second distance range allows adjacent capillary gaps such as 42a and 42b in Figure3Ato be main- 
tainedfrom7to9mmapart.Atthisdistance, individual dropietslnthe droplet holdersuchas68aand68band 

20 69a and 69b pictured in Figure3Bcan bemaintainedapartwithoutcontaminatingeachotherbyinadvertantly 20 
overcoming the incompatibility of the surface of elastomeric member 64and the individual droplets in the 
droplete holder. Such advantage would notbe possible with the slide rack of Johnson where 200 microns is 
too close to stably separateadjacentreagentdroplets on thedroplet holder. Therefore, the slide rack of 
Johnson would have to be completely and substantively modified from its original description to achievethe 

25 advantagesofthepresentinvention. 25 
To cause the liquid to rise 1 5-20 mm above lower edge 31 4, the gap (thickness of shims 322 and 322') may 
be thickerthan the 0.15 - 0.20 mm thickness most preferred in the earlier embodiments, where liquid was 
intended to rise 25-45 mm above lower edge14. Through routine experimentation,^ gap can be adjusted 
(by varying shimthlckness)to achieve thedesired vertical rise of liquldforany sample-bearing slide surface. 

30 Figure 6 shows a holder partially filled with slide pairs according to a fifth embodiment of the present 30 
invention. Itdiffersfrom the second embodiment shown particularly in Figures 3Aand3B In providing three 
rows often slide pairs ratherthanf ive rows of five slide pairs. 

The main body 450 of the slide holder shown In Figure 5 Is shaped as a rectangular solid with, as described 
below,a series of slots formed in its lowerfaceforrecelvlng slide pairassemblies. 

36 Alternatively, the slide pairs maybe held in a holder where the series of slotsformed atits lowerfaceare 35 
collapsible and can be tightened uponthetop portions of the slide pairassemblies using,forexampie,a 
substantial modification of the slide rack of Figurel of U.S.Patent 4,199,613 of Johnson in which the"shims" 
are significantlythickerand used to separateslidepairassembllesandnotto produce capillary action. 
Because the slide holder Is inverted in Figure 5, compared to its configuration Is use,forthe insertion of 

40 slide pairs, this bottom face appears on top. In the following description, relative positions in use (e.g., slots in 40 
the bottom face) will be described. 

A plate 451 is above main body 450 (as aflange) in both horizontal directionsso as to cover a larger 
rectangularcross-sectional area than the rectangularcross-sectional area of main body 460. An arm476 
extends verticallyupward from oneside of plate 451, with two angled portions478and480.Asimilararm476, 

45 with angled portions 478 and 480, extends vertically upward from the opposite side of plate 451 , but is hidden 46 
fromview. Ahorlzontal bar 482 connectsthe two arms 476. 

Formed In the bottom face of main body 450 are ten long slots.each extending vertically and in a horizontal 
direction 90° relative to horizontal bar482. These ten long slots are each divided by partitions into three slots, 
for a total of thirty slots. The nearestthree slots aredesignated 465J, 455t and 455dd in Figure 5, each suchslot 

50 being atthe near end of a row often slots. Sample-bearing slides 1 0a, 1 0k and 1 0u are shown extending out of 50 
the slots atthefar end of each of thethree rows. As illustrated by faci ng slide 430u, a facing slide is inserted 
with each sample-bearing slide in a common slot. The bottom edges of each sample-bearing slide andthe 
adjacent facing slide defines a lower end of a gap, shown as lower end 442a, 442k and 442u for slides 10a, 10k 
and 10u, respectively. Each individual slide pairappears in cross-section substantially as shown in Figure2B. 

55 if thirty sample-bearing slides areto be treated, then the remaining slots shown in Figure 5 (upto slots455j, 55 
455t and 455dd)are filled and theentire slide holderassembly inverted. To keep track ofthevariousslides, 
either visually-or machine-readable indicia may be present or applied (e.g., on a frosted portion of each slide 
remote from the sample) so as to be read before and aftertreatment, or (If the indicia are properly placed, e.g.. 
Just above the sample location) also while the slides are in the holder. Additionally, the holder may be indexed 

60 numericallytoeasethelocalizationofindividualslideswithouttakingthemoutoftheholderandtoease .60 
reagent handling by having corresponding numbers denoting thespecificholesinthe droplet holderpictu- 
red in Fig ures 3B and 7 with which the slide pair assembly interacts. 

The holder isthen lowered intoabracketthe width of horizontal bar482 along angled portions 478 of arms 
476untlltheslideassemblyisheldandaligned(verticallyandhorlzontally)bytheengagementofthebracket 

65 with horizontal bar482andarms476.Themachinecannowconducttheassemblythroughaseriesof 65 
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stations as described below. Alternatively, the holder's horizontal bar 482 may be engaged manually and 
thereby advanced. 

Figure 6 shows a plan view of the interior of an automated system forpractice of the present Invention. It 
resembles theinteriorofaHISTOMATIC*SlldeStainer(Modei 172) as illustrated on page426 of the Fisher86 
5 Catalog. (Fisher Scientific 1985), modifiedforpracticeof the present invention. 5 
Figure 6 illustrates an array of stations into which the slide array of Figure 5, once completely assembled, 
can be dipped by sequential operation as described below. Stations 1 -6 (numerals 501 through 506) contain, 
in this arrangement, staining vessels of the general type previously used with the HISTOMATIC*slidestainer, 
Model 172 (1 15V, 60 Hz version). See Fisher 86 Catalog, pp. 426-27 (Fisher Scientific 1 985). Each vessel holds a 

10 pool of liquid (xylene, ethanol,ethanol/water mixtures or distilled water, as indicated) of top cross-sectional 10 
area being largerthan the array of lower edges of slide pairs In Figure 5. Such geometry permits the array to 
contact each pool without hitting a vessel edge. Similarly, stations 8 (numeral 508), 1 0 (numeral 51 0), 12 
(numeral 512) and 17 (numeral 517) contain staining vessels of compositions indicated below. 
Station 7 (numeral 507) is a wet chamber maintained at 37°C ± 5°C (once enclosed as described below) by a 

15 standard electric heater, kept saturated by watervapor because a pool of water is placed in thechamber 15 
below the height reached by the lowermost horizontal surface of the slide array. The top of the wet chamber is 
of horizontal dimensions (rectangular or square) largerthan the slide array in Figure 5, but smallerthanthe 
flange451 in Figure 5. Accordingly, when the slide array 450 in Figure 5 is lowered into the wet chamberin 
station7(numeral507),theflange451 (shown in FigureB) completes the enclosureofthewetchamber. 

20 Stations9and 11 contain dry blotterssuchaspaper,cottonorsuper-absorbentgauzepadwlthtopsurfaces 20 
sufficiently high and level to simultaneously contact lower spaces (see 42a in Figure 2D) of the slide array 
when the array is lowered into the appropriate station. The slide array may, In such case, compress the blotter 
material down a short distance. 
Station 13, 14, 15 and 16 (numerals 613, 5 14, 51 5 and 51 6) contain droplet holders simllartoelements62 

25 and 64 in Figures 3Aand 3B exceptthatthe holes and droplets are arranged in three double rows of ten.Thus, 25 
instation 13 (numeral 513), the top row of ten slides will contact, simultaneously,droplets468a-468j and 
469a-469j in the same manner described above for droplets 68a-68e and 69a-69e as shown in Figures 3A and 
3B. The second double row, beginning with droplets 468k and 469k, will be contacted simultaneously by the 
lower spaces of asecond row often slide pairs. Thethlrd double row, beginning with droplets 468u and469u, 

30 and ending with droplets 468dd and 469dd, will be contacted simultaneously bythethlrdrowoftensllde 30 
pairs when the slide pairarray is lowered Into station 13 (numeral 513). 

In similar fashion, stations 14 (numeral 514), 15 (numeral 515) and 16 (numeral 515) each contain adroplet 
holder, each holding In precise alignmentthree double rows often droplets (sixty droplets in each station). 
The lower row In Figure 6 is Identified as droplets 569u thru 569dd in station 14, 669u thru 669dd in station 1 6 

35 and 769u thru 769dd in station 16. Station 1 8 (numeral 51 8) is empty in the array shown in Figure 6. If additl- 35 
onal treating steps are desired, It can contain a staining vessel, droplet holder or temperature bath, as app- 
ropriate, similarto another station described above. 

WasherB19IsthestandardunitforwashlngslidearraysprovidedwlththeHISTOMATIC e SlldeStainer, 
Model 172. It Is equipped eitherfor once-through flow of rinsing liquid or recirculation of treating liquid. The 

40 latter mode is generally used in the present invention. In actual work, this unit has been modified by a sol- 40 
enold to provide for recirculating flow of rinsing liquid only when the slide array is inthewasherandto 
provide no drainage instead of a continuous drainage as when the machine is operated in thef low-through 
mode. The dryer 520 is a station generally not used in the present Invention (because of theusB of blotting 
stations 509 and 511), but preferably present so thatthe instrument can also be used for conventional staining 

45 of slides arranged vertically-extending and separated one from another by a distance greater than 0.5 mm 45 
(e.g., 2,0 mm) when using a standard 40-place slide holder provided commercially with the above Model 172 
Slide Stainer. 

The flexibility of this invention is Illustrated by the factthat all the staining vessels, droplet holders, and wet 
chambers are completely removable and Interchangeable atthe discretion ofthe user. Therefore, for ex- 

50 ample,the droplet holders of Station 13,14,15,and16(numerals513,514,515,516ofFigure6)canbeeasily 50 
replaced even with theinstrument running, with a shallow common reagenttray to treat all slide pairassemb- 
lles with an identical reagent or an additional blotterto evacuate them or a wet chamberto incubate them. The 
flexibility of the present process is further illustrated by thefollowlng illustrative processforstaining tissue 
sections with a respectto antigenic sltesforantlbody. Thefollowlng staining procedure log refers to num- 

55 erals in FigureB, as described above. Following the log are a discussion of several ofthe individual stepsand 56 
a discussion of howthe procedure would be modified to use three differenttypes of tags: avidin biotinylated 
horseradish peroxidase complex, alkaline phosphatase linked to goat anti-mouse antibody and, as the initial 
probe, eithera primary biotinylated heterologous primary antibody, an unlabeled monoclonal antibody, ora 
DNA or RNA strand linked to biotinin the manner of EPA63,879ofWard,Wildrop and Langner(November3, 

60 1982, based on U.S.S.N. 255, 223) or PCT84/04970 of Ward, Leary and Brigat! (December 20, 1984, based on 60 * 
U.S.S.N. 503, 298), both assigned to Yale University. See also Pro* NatAcad.Scl. vol. 80, pp. 4045-49 (1 983); 
Virology, vol. 1 26, pp. 32-36 (1 983). 

The staining procedure begins with thin (e.g., 6 micrometerthick) slices of tissue which are cut from blocks 
of tissue that have been formalin fixed and then wax embedded in, e.g., a Histomatic" Model 266 MPTissue 

65Processor(FisherScientific)(seeU.S.Patent4,141,312toLouder,IssuedFebrary27,1979).Eacheventis 65 
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described below by number, station (and corresponding numeral In Figure 6), time and solution orother 
treatment. 





Station (Fig. 


Time 


Solution or 


5 Event 


SNumeral) 


(mm.) 


Other Treatment 


1A 


1 {501; 


1.0 


Xylene 


1B 


9(509) 


0.6* 




2A 


1(501) 


1.0 


Xylene 


10 2B 


9(509) 


0,6* 


Blot 


3A 


1(501) 


1.0 


Xylene 


3B 


9(509) 


0,6* 


™ 


4A 


2 (502) 


0.6 


Xylene 


4B 


9(609) 
3(503) 


0.6* 


Blot 


15 5A 


0.2 


Reagent Alcohol or 






Absolute Alcohol) 


5B 


9(509) 


0.6* 


Blot 


6A 


3(503) 


0.2 


Reagent Alcohol (or 








Absolute Alcohol) 


20 6B 


9(509) 


0.6* 


Blot 


7A 


4(504) 
9(509) 


0.6 


95%Ethano) 


7B 


0.6* 


Blot 


8A 


12(512) 


5.0 


Acid Alcohol 


8B 


9(509) 


0.6* 


Blot 


25 9A 


5(505) 


0.2 


30%Ethanol 


9B 


11(511) 


0.6* 


Blot 


10A 


6(6Q6) 


0.2 


Triton*X-100(0.1%)in 






distilled water 


10B 


11(511) 


0.6* 


Blot 


30 11A 


6(506) 


0.2 


Triton*X-100 (0.1%) In 






distilled water 


11B 


11(511) 


0.2 


Blot 




R (519) 


1.0 


Buffer(0.1MTrisHCI, 








0.1MNaCI,pH7.5, 


35 






0.01 % Triton® X-1 00} in 








the recirculating mode 


12B 


11(511) 


0.6* 


Blot 


13A»* 


13(513) 


0.6 


Enzyme Digestion 






Solutions** 


40 13B** 


7(507) 


2.0 


37°CWetChamber 


13C** 


9(509) 


0.6* 


Blot 


14A** 


R(519) 


2.0 


Buffer 


14B** 


11(511) 


0.6* 


Blot 


15A 


14(514) 


0.6 


0.25% Gelatin in 0.1M 


45 




TrIsHCI,0,1M NaCI,pH 


1BB 


7(507) 


2.0 


7.5 

37°C Wet Chamber 


15C 


9(509) 


0.6* 


Blot 


16A 


R(519) 


0.6 


Buffer 


50 16B 


11(511) 


0.6* 




17A 


15(515) 


0.6 


Primary Antibody 






(Biotin-labeled) 


17B 


7 (507) 


60 


37°CWet Chamber 


17C 


9(509) 


0.6* 


Blot 


55 18A 


R(519) 


2.0 


Buffer 


18B 


11(511) 


0.6* 


Blot 


19A 


R(519) 


1.0 


Buffer 


19B 


11(511) 


0.6* 


Blot 


20A 


16(516) 


0.6 


Avidin&Biotin Alkaline 


60 




Phosphatase Conjugate 


20B 


7(507) 


10 


37°C Wet Chamber 


20C 


9(509) 


0.6* 


Blot 


21A 


R(519) 


0.6 


Buffer 


21 B 


11(511) 


0.6* 


Blot 


65 22A 


R(519) 


2.0 


Buffer 
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Station (Fig. 


Time 


Solution or . 


Event 


BNumeral) 


(min.) 


Other Treatment 


22B 


11(511) 


0.6* 


Blot 


5 23A 


17(517) 


0.6 


BCIP&INT(Enzymatic 






Reagents) 


23B 


11(511) 


0.6* 


Blot 


24A 


17(517) 


0.6 


BCIP&INT 


24B 


7(507) 


10 


37°C Wet Chamber 


10 24C 


9(509) 


0.6* 


Blot 


26A 


17(517) 


0,6 


BCIP&INT 


25B 


7(507) 


10 


37°CWet Chamber 


25C 


9(509) 


0.6* 


Blot 


26A 


R(519) 


2,0 


Buffer 


15 26B 


11(511) 


0.6* 


Blot 


27A 


8(508) 


6.0 


Hematoxylin Stain, 








Harris Modified 


27B 


9(509) 


0.6* 


Blot 


28A 


10(510) 


0,6 


Triton*X-100(0.01%)ln 


20 






Distilled Water 


28B 


9(509) 


0,6* 


Blot 


29A 


12(512) 


0.1 


Acid Alcohol 








(Differentiates 








Hematoxylin) 


25 29B 


11(511) 


0.6* 


Blot 


30A 


R(519] 


2.0 


Buffer (blues Hematoxylin 








atpH7.5) 


30B 


11(511) 


0.6* 


Blot 


31 


6(506) 


0.6 


TrltonX-100 In Distilled 


30 




Water 



25 



*for each Indicated blotting step,0.6 minutes (36 second) was used due to a machine limitation. With 
reprogramming, most of the blotting steps will be reduced to 1 2 or 1 8 seconds. 
**Steps 13A-14B are required only in those procedures where a protein digestion step (e.g., with pronase, 

35 trypsin or pepsin, each with appropriate buffers and cofactors) Is needed to expose the desired antigenicsites 35 
of the tissue. In the work with thin tissue samples, such steps were not generally needed and; therefore, these 
steps were omitted andthedrop holderin station 13was replaced wlthaflatpan holding 1%Bovine Serum 
Albumin in 0.1 M TrlsHCI, pH 7.6 with 0.1 M NaCI. 
Inconsideringtheaboveoverallproce8s,events1-7and9-12lnvolveremovlngthewaxandconvertingto 

40 an aqueous buffered medium. In those instances wherein frozen samples have been sliced into thin samples, 40 
step 1-7 and 9 are unnecessary (since no wax Is present). The surfactant was Included In steps 1 0, 1 1 and 12to 
facilitate capillary flow of themore viscous fluids thatfollow. Step 8!sthe step used to blockendogenous 
alkaline phosphatase activity in the tissue. If another enzyme were used {i.e., in step 20), a different endogen- 
eous enzyme blocking treatment would be used. For peroxidase as the enzyme in step 20, absolute methanol 

45 with 0.9% hydrogen peroxide might be used as the solution in station 1 8for step 8. Acid alcohol in station 1 2 45 
would still be used In step 29. For processing frozen sections, the slides areflrst fixed In cold acetone for 10 
min. and then exposed to 0.01%TrIton X-100 in distilled water for 0.6 minutes (station 1 0); blotted for 0.6 min. 
(station 1 1 ), treated with acid alcohol to block endogenous alkaline phosphatase enzyme activity (station 1 2) 
and then proceed through the remaining stain program depicted above, beginning at step 1 3, 

50 Steps13and 14,asindlcatedabove,havenotgenerallybeen neededformostantigensof Interest in tissue, 50 
but would be used for hard-to-access antigenic markers such as tissue bound immunoglobulins, keratin,viral 
antigens such as Cytomegalovirus, Adenovirus, and Hepatitis B virus surface and core antigens, and for 
procedures employing nucleic acid probes. 
Step 15Involves applying a general protein toadhere to the non-specific protein binding sites found in 

55 mosttissue specimens. Failure to blockthesesltes will give undesired background levels dueto non-specific 55 
adherence of the primary antibody or avidln orblotln-enzyme conjugate In steps 17 and 20. When asec- 
ondary antibody is used in step 20 (e.g., alkaline phosphatase conjugated goat-anti-mouse immunoglobulin 
antibody Incases where theprimary antibody is unlabeled mouse monoclonal antibody) Instead of an avidin- 
biotin alkaline phosphatase complex, the blocking action of non-specific proteins such as gelatin in step 1 5 

60 maybeinsuffIcienttoprecludenon-specIficblndingofthesecondaryantibody.Accordingly,onecanuse 60 
normal (unsensitized) serum of the same species as the secondary antibody used In step 20 (i.e., unsensitized 
goat serum In the illustrative case). For DNA probe work, it may be desirable to apply non-specific DNA as well 
as protein in step 15. 

Step 17 provides the primary antibody used to target the antigenic sites of interest. Generally, it is biotln 
65 labeled, but if a secondary antibody Is used in step 20, then unlabeled antibody maybe used in step 17. 65 
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AltBrnatively,the primary antibody may be radloactively orfluorescently labeled. DNA or RNA probes (e.g., 
blotin-labeled) may also be used in step 17, provided that adequatepretreatment steps have occurred. In such 
case, after application (step 1 7A), the slide assembly should be placed In a chamber at temperatures high 
enough for denaturation (e.g. r 100°C) for a few minutes before placement in the 37°C Wet Chamber (step 17B) 

5 forrehybridization.The washing steps represented by steps 1 8 and 19 In the above procedure may be signlfi- 5 
cantly expanded in number and duration and variety of liquldsforDNA probes. See, e.g., U.S.Patent 
4,533,628 to Maas (August 6, 1 985), and reference cited therein. 

Step 20, as shown, involves the crosslinking of the blotin chemically bound on the primary antibody to a 
second biotin moiety chemically bound to the detection agent such as an enzyme by the tetravalent egg white 

10 binding protein, avidin. Because of its improved stability, avidln (egg white Avidin from Vector Labs) was 10 
used ratherthan streptavdin. Provided that the proper pretreatments were used, other biotin-labeled detec- 
tion systems could be used: e.g., horseradish peroxidase (HRP) or beta-galactosldase conjugate with biotin. 
HRP hastha advantage of creating chromophoric enzymatic reaction products (e.g., polymerization products 
ofdiaminobenzidinetetrahydrochloride) which are more securely anchored Inthetissuethanarethechrom- 

15 ophoricenzymaticreaction products produced with alkaline phosphatase [e.g.,3 bromo,4chloro, Bindolyl 15 
phosphate (BCIP) and either lodonitrotetrazolium (INT) or N itro Blue Tetrazolium (NBT)]. The adherence of 
the alkaline phosphatase chromophores can be enhanced by omitting the Triton X-1 00 in stations 6 and 10, 
and by programming the Instrumentto go directly into an extra two rinse cycles in distilled water. (Station 10 
followed by Blot Station 11). The slides are then transferred to Station 18where a shallowtray of ammonia 

20 water is placed. The slides are then directly mounted in polyvinylpyrrolidone (PVP-40) at 400 mg per ml in 20 
0.1MTrisHCI,pH7.5,with0.1M NaCI. HRP has the disadvantage, however, thatthe enzymatic reactants that 
would be required in steps 23-25 are unstableto light and are suspected carcinogens. Therefore, if HRP is 
used, then the program Is preferably stopped at step 21 or 22 until fresh reagent Is made up and placed In 
station 17. The program isthen manually restarted. Such time is compensated for by a shorterincubation 

25 time in steps 24B and 26B. Furthermore, the enzymatic product is sufficiently insoluble forthe slides, after 25 
step 31,to betaken backth rough stations 6, 5, 4, 3 and 2 (the reverseorder of steps 1-7 and 9), with multiple 
contacts at some station and a blot after each contact. The resultant stained samples are now coated with 
xylene and ready for dry mounting, e.g., with Permount" mounting medium, 
One may alternatively use afluorescenttag in step 20, e.g., avidin-fluorescein conjugate. In such case, steps 

30 23-26 are not needed. 30 
Steps 23-25 supply enzymatic reagents (BCIP plus INT) appropriate to produce Insoluble chromagens with 
the enzyme tag (alkaline phosphatase) Introduced in step 20. Step 27, 29 and 30 represent application and 
development of hematoxylin as a counterstain for nuclear visualization of thetissuein which thelabeled 
antigenicsitesarefound. 

35 In the above procedure, steps 17 and 20 employ particularly expensive regents and are therefore performed 35 
with droplet holder in stations 1 5 and 16, respectively. Such droplet holders would normally be usedto 
conservethese reagents, even when all droplets are the same, so as to treat all samples identically in this step. 
In many cases, however, individualization is required, particularly with respectto the primary antibody in 
station 15, in these droplet holders. The paitlally-filleddropletholder shown in Figure 7 illustrates how dif- 

40 ferent liquids can be supplied as droplets in any desired pattern. 40 
A rigid horizontally-extending bass 462 supports a horizontally-extending elastomBric member 464. Sixty 
holes are provided through member 464inthreedoublerowsoften.Thefirst double row is filled with twenty 
droplets of afirsttreating liquid, Including 468a,468j, 469aand 469j. Thesecond and third double rows of 
holes, including holes 466k, 466t,466uand466ddareempty. They canbe filled, If desired, withasecond and 

45 thirdtreatlngliquid,tobeappliedtodifferentslidepairswhilethefirstrowofdropietsis being appliedtoa 45 
first row of slide pairs. 

When enzyme digestion is employed in step 13, a droplet holder would also be used in station 13 (513ln 
Figure 6). Individualization in this step can be employed where It Is desired to vary digestion type ordegree 
(e.g., some droplets being buffer withoutpepsin, some with) atthis point. Similarly, in step 15, when more 
60 expensive blocking agents than gellatin are employed in station 14, or if the degree or type of blocking is a 50 
desired variable, then a droplet holder would be used In station 14. 

While stations 8 and 17 are shown as trays, droplet holders may be used to provide individualization in 
steps 23-25 and 27 as well. Where adequate slides and specimens are available, it may be desirableto achieve 
a different color level of the enzyme-generated stain and of the counterstain for replications of equivalent 
55 sampiessoastocreatearangeofcontrastlevelsfromwhichtochoose. 55 
Even as to those steps where trays are used to apply moderately expensive treating I iquid (e.g., the hemato- 
xylin stain) the present invention uses less liquid then thatthe system of Johnson, et al. (which fills the 
majority of the 75 mm x 25 mm capillary space) because only a aportion (approximately 30-40 mm x 25 mm) 
isfilledinthepresentprocess. Drainage, furthermore, isgreatlyfacilitated by blotting ratherthan spinning. 
60 It is preferred to use absorbent materials of sufficient absorbent capacities and to use a sufficient number of 60 
absorbent material stations (stations 9 (509) and 1 1 (51 1 ) in Fig ure 6) to absorb all of the various liquids to be 
drained from theslide gaps during the entire process. Alternatively, at a convenient point in the process (e.g., 
during Event 17B) each absorbent material may be replaced by a fresh absorbent material (in Stations 9 and 
1 1 ); or, while one absorbent station is being used (e.g., Station 1 1 du ring steps 9B-1 4B) the absorbent mat- 
65 eria!intheotherstation(Station9)maybechanged. 65 
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In preferred forms of the invention, the gap between the two surfaces is maintained in the vertical position 
anda discrete aliquot of liquid reagentcontacts the space produced betweent the parallel lower edges of two 
facing surfaces, such as two glass microscope slides, and flows upwardly by capillary action to cover, in total 
or In part, the inner surface of the gap. After treatment, the liquid reagent can be removed from between the 
S planarfaces by contacting the space at any point with an absorbent material. In less preferred forms suction 
apparatusorsimllarlIquidextractionsystemsmaybeused.Suchmethodisparticularly useful instreamlin- 
ing complex treatment regimens that involve treating a large number of Immobilized samples with a series of 
liquid reagentsand require the sequential application and removal of one liquid reagent from the sample 
analytes priorto the subsequent exposure of the same ana lyte to next liquid reagent in the process. Such is 

10 also extremely useful when it is desirable to use minimal volu mes of precious, hazardous, or expensive liquid 
reagents such as dissolved tagged or untagged antibodies, nucleic acid probes, radioactive materials,or 
biohazardous materials where It Is desirable to minimize human contact. 

There are other embodiments of the invention wherein the pa ra! lei su rfaces, and thus thegap there be- 
tween, are not vertical, but rather are Inclined upwardly or are even horizontally extending. In each such case, 

15 theadvantages of the presentlnvention,attrlbutableetthertothecontact of an appropriate edgeofthegapby 
a discrete aliquot of treating liquid (permitting individualization), orto the removal of liquid from the gapby 
capillary action (e.g., by contact of the edge of thegap by an absorbent material, permitting multistep pro- 
cessing with rapid drainage of each liquid), or both, can be obtained In stmllarfashion to embodiments 
described above. Similarly, the substantially parallel surfaces need not be planar, but may, for example, be 

20 curved as In cylindrical orconical sections. 

Both the vertical and horizontal embodiments of this invention have the same uses and advantages over 
priorart In manual stain technology as practiced routinely In clinical and research laboratories that presently 
perform the analysis of discrete antigenic or genetic information by individual manual procedures. These 
applications include, but are not limited to, the detection of antigens of diagnostic prognostic Importance in 

25 human, plant oranimaltissues,cellularsmears,orextractsimmobillzedon solid surfacessuch as aglass 
microscope slides, nltrocelluloseorcellulose acetate membranefi Iters, orflat organoplasty support. These 
applications further include screening of identical human, plant, or animal tissue and tissue extracts by nuc- 
lelcacid hybridization technologyfortheirspeciflcgenesandthelrRNAtranscripts. These methods would 
also have application in special stain techniques wherein a laboratory would stain a slngletissue for several 

30 different hlstochemfcal markers, such as but not limited to mucicarmlne, silver. Gram, Glemsa, Pap- 
anicolaou, or other histologic, hematologic, or cytologic stains. 

Alternatively, tissues from many different anatomic sites and species may be stained with a single series of 
reagents especially In situations where the reagents employ ed are expensive or available in only microliter 
quantltles.The low volume requirements of such system as thescreenlng of a single tissue type with mono- 

35 clonal antibodies direct from limited supernatants or ascitic fluids are ideal uses for a method and apparatus 
designed to treat a thin sample immobilized on a planar surface employing capil lary f low in either a vertical or 
horizontal position. 

CLAIMS 

40 

1. Amethodfor applying liquid to a thin sample on a first surface which comprises the steps: 

a) maintaining a second surface substantially parallel to and spaced by a first distance from the firstsurfacB, 
thereby providing a gap between the first and second surfaces, and 

b) contacting an edge of the gap with a discrete aliquot of liquid, 

45 the first distance being sufficiently small to cause liquid to migrate by capillary action within the gap into 
contact with the th In sample. 

2. The method of claim 1 wherein the first and second su rfaces are planar and wherein the edge of the gap 
contacted by thealiquot Is defined by substantially parallel linear edges of theflrst and second surfaces. 

3. The methodof claim 2 wherein the substantially parallel linear edges extend horizontally andthefirst 
50 and second surfaces extend vertically upwardly. 

4. The method of claim 1,2or3furthercomprislngthestep: 

c) removing liquidfrom thegap. 

5. The method of claim 4 wherein liquid Is removed bycontactingtheedgeofthegapwithanabsorbent 
material. 

55 6. The method of any previous claim wherein an edge of thegap is contacted with a plurality of discrete 
aliquots of liquid. 

7. The method of any previous claim wherein the maintaining step (a) and contacting step (b) are per- 
formed on a plurality of first surfaces, each bearing a thinsample. 

8. The method of claim 7 wherein the edge of the gap adjacentto each first surface is simultaneously 
60 contacted by liquid. 

9. The method of any previous claim wherein thefirst surface is the face of a sample-bearing microscope 
slide. 

10. The method of claim 9 wherein the second surface is the face of afacing microscope slide and the 
second surface bears an additional sample which Is also contacted by liquid migrating by capillary action 

65 from the discrete aliquot. 
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11. The method of any previous claim further comprising the steps: 

(c) removing liquid from the gap, and 

(d) contacting the edge of the gap with a second liquid to cause second liquid to migrate in the gap Into 
contactwith the sample. 

5 12. Amethodfortreatingathinsampleonafirstsurfacewithaserlesoftreatingliquidswhichcomprises 
the steps: 

a) drawing afirsttreating liquid by capillary flow in a gap between a sample-bearing first surface and a 
second surface of a facing elementto at least the position of the sample immobilized on thesample-bearing 
first surface, 

10 b) retaining the firsttreating liquid by capillary action in the gap in contactwith thesample, 

c) removing thefirsttreating liquid fromthe gap by capillary flow,and 

d) drawing a second treating liquid by capillary flow In the gap to at leastthe position of thesample. 

13. The method of claim 12whereinthesample-bearlng planarfacelsthefaceofamicroscopeslide. 

14. Themethodof claim 12or 13 wherein thefirstsurfaceandthasecondsurfacearemaintainedina 
15 vertically-extending direction during the drawing steps (a) and (d) and during the removing step (c). 

15. An apparatusfortreatlngathin sample on afirstsurface which comprises: 

a) engagementmeansfor holding afirst member having asample-bearingflrstsurfacaafixed distance 
from a second surface of a facing element, with thefirst surface and second surface being maintained sub- 
stantially in parallel and with first and second edges of thetwo surfaces extending In parallel and being 

20 separated bysubstantiallythefirstdistance.and 

b) contactingmeansforcontacting the space between thefirst and second edges with a discrete aliquot of a 
liquid, 

the first distance being sufficiently small for liquid to migrate from the space by capillary action between 
thefirstand second surface into contact with the sample. 
26 16. The apparatus of claim 15whereinthefirstandBeoond8urface8extend vertlcallyupward andthefirst 
and second edges are lower edges extending horizontally. 
17. The apparatus of claim 15or16furthercomprlsing: 

c) blotting means for contacting the substantially parallel firstand second edges with an absorbent mat- 
erial,so as to causeliquld to migrate awayfrom the location of the sample. 

30 18. Anarrayofslideassembliescomprising: 

a) a plurality of vertically-extending slides each having a vertically-extendingface, 

b) a plurality ofvertlcally-extendlng cover members,each having a vertically-extendingface, 

b) each face of a vertically-extending slide being spaced by a first distance less than 0.5 mm from aface of a 
vertically-extending cover member, and 
35 c) engagement means for holding the vertically-extending slides and vertically-extending cover members 
adjacenttotheirupperends in afixed array with the sample face of each slide being afirstdistancefroma 
substantially parallel face of a vertically-extending cover member and with the lower edge of each slide 
extending horizontally and being spaced from a substantially parallel horizontally-extending lower edge of a 
cover member by the first dista nee, 
40 the space between the horizontally-extending lower edges being open. 

19. Adevlceforhoiding a horizontal array of discrete allquots of treating liquidcomprlsing: 

a) a horizontally-extending rigid base, ... 

blahorlzontally-extendingelastomericmemberhavingasubstantiallyplanarhorizontally-extending 
uppersurface,and 

45 c)apluralityofrecessesformedintheelastomerlcmember,eachrecessopeningtothehonzontal,ly- 
extending upper surface, 

the elastomeric member having at its upper surface a material sufficiently Incompatible with the treating 
liquidfora discrete aliquot of treating liquid in a recess to form a convex shape extending above the plane of 
the adjacent uppersurface of the elastomeric member. 
50 20. Amethod of applying liquid to a thin sample substantially as hereinbefore described with referenceto 
the accompanying drawings. 

21 . Apparatus fortreating a thin sample constructed and arranged to operate substantially as here- 
inbefore described with referenceto and as illustrated in the accompanying drawings. 

22. A devicefor holding a horizontal array of discrete aliquots of treating liquid, such device being sub- 
65 stantially as hereinbefore described with reference to and as illustrated inthe accompanying drawings. 
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